Background: Lung cancer is one of the most lethal cancers. It is mainly classified into 2 groups: non-small cell lung cancer (NSCLC) and small cell lung cancer (SCLC). Extrapulmonary small cell carcinomas (EPSCC) are very rare. The Ras oncogene controls most of the cellular functions in the cell. Overall, 21.6% of human cancers contain a Kirsten Ras (KRAS) mutation. SCLC and EPSCC have several similar features but their clinical course is different. Aims: We investigated the KRAS mutation status in SCLC and EPSCC. Study design: Mutation research. Methods: Thirty-seven SCLC and 15 EPSCC patients were included in the study. The pathological diagnoses were confirmed by a second pathologist. KRAS analysis was performed in our medical genetic department. DNA isolation was performed with primary tumor tissue using the QIAamp DNA FFPE Tissue kit (Qiagen; Hilden, Germany) in all patients. The therascreen KRAS Pyro Kit 24 V1 (Qiagen; Hilden, Germany) was used for KRAS analyses. Results: Thirty-four (91.9%) of the SCLC patients were male, while 11 (73.3%) of the EPSCC l patients were female. SCLC was more common in males, and EPSCC in females (p=0.001). A KRAS mutation was found in 6 (16.2%) if SCLC patients. The most common mutation was Q61R (CAA>CGA). Among the 15 EPSCC patients, 2 had a KRAS mutation (13.3%). When KRAS mutant and wild type patients were compared in the SCLC group, no difference was found for overall survival (p=0.6). Conclusion: In previous studies, the incidence of KRAS mutation in SCLC was 1-3%; however, it was 16.2% in our study. Therefore, there may be ethnic and geographical differences in the KRAS mutations of SCLC. As a result, KRAS mutation should not be excluded in SCLC.
Lung cancer is one of the most lethal cancers (1) . The clinicopathological features of lung cancer are heterogeneous. It is classified into 2 groups as non-small cell lung cancer (NSCLC) and small cell lung cancer (SCLC). The genetic biomarkers are used to identify a targeted treatment in NSCLC (2, 3) . Small cell lung cancer accounts for about 15 -20% of all lung cancers, and is the most aggressive type (4, 5) . The specific genetic alterations that take place in smallcell lung cancer development are still unclear (6) . Extrapulmonary small cell carcinomas (EPSCCs) are very rare. The most frequently involved regions are the genitourinary and gastrointestinal systems (7) . The Ras oncogene controls several cellular functions including cell proliferation, apoptosis, migration and differentiation (8) . Kirsten RAS (KRAS) mutations are present in over 20% of all cancers (9) . SCLC and EPSCC have several similar features but their clinical course is different (10, 11) . Therefore, we investigated the KRAS mutation status in SCLC and EPSCC.
MATERIALS AND METHODS
We retrospectively reviewed the records of patients diagnosed with SCLC and EPSCC between 2005 and 2014. This study was approved by the Institutional Review Board. Thirty-seven SCLC and 15 EPSCC patients were included in the study. We collected paraffin-embedded tissue blocks of patients from the archive of our pathology department. The pathological diagnoses were confirmed by the second pathologist.
KRAS analyses were performed in our certified medical genetics department. The KRAS mutations were studied: CAA>CTA (Q61L), CAA>CAT (Q61H), CAA>CGA (Q61R), GGT>GTT (G12V), GGC>GAC (G13D), GGT>GAT (G12D), GGT>TGT (G12C), GGT>AGT (G12S), GGT>GCT (G12A), GGT>CGT (G12R), and GGT>c.34_35GG>TT (G12F). DNA isolation was performed with primary tumor tissue using the QIAamp DNA FFPE Tissue kit (Qiagen; Hilden, Germany) in all patients. The therascreen KRAS Pyro Kit 24 V1 (Qiagen; Hilden, Germany) was used for KRAS analyses. KRAS point mutations were analyzed with Pyro Mark Q24 software system (Qiagen; Hilden, Germany). This study was approved by the Institutional ethics board. Informed consent was obtained from all individual participants (or the legal representative) included in the study.
Statistical analysis
Statistical analysis was used for Statistical Package for the Social Sciences (SPSS) software version 18.0 (SPSS Corp.; Chicago, IL, USA). Overall survival was calculated from the date of diagnosis to the date of death from disease or last follow-up. The relationship between nonparametric variables was studied by Chi-square test. Parametric variables were compared with independent sample t test. P values below 0.05 were considered to be significant. Survival estimates were calculated by using the Kaplan-Meier method.
RESULTS
Thirty-four (91.9%) of the SCLC patients were male, and eleven (73.3%) of the EPSCC patients were female. When genders were compared in SCLC and EPSCC patients, SCLC was more common in males, however EPSCC was more common in females (p=0.001). A KRAS mutation was found in 6 (16.2%) SCLC patients, with the most common mutation being the Exon 3 mutation. Only one patient had an Exon 2 mutation. The most common mutation was the Q61R (CAA>CGA) mutation found in 4 patients with an Exon 3 mutation. One patient carried Q61L (CAA>CTA), and 1 patient carried G12C (GGT>TGT). Among the 15 EPSCC patients, 2 had a KRAS mutation (13.3%). One patient with pancreatic EPSCC carried the G12D (GGT>GAT) mutation. One patient with prostatic EPSCC carried the Q61L (CAA>CTA) mutation (Table 1) . No difference in KRAS mutation status was observed between SCLC and EPSCC patients (p=0.8). An Exon 3 mutation was found in 80% of SCLC and 50% of EPSCC patients. Overall survival was 6.1 months (CI 95%; 0.00-13.06) in KRAS wild type SCLC and 8.7 months (CI 95%; 0.00-18.96) in KRAS mutant SCLC cases. When KRAS mutant and wild type SCLC patients were compared, no difference was found in overall survival (p=0.6) (Figure 1 ).
DISCUSSION
KRAS mutations are present in 12-36% of lung adenocarcinoma, but are rare in squamous cell lung cancer. In lung adenocarcinoma, KRAS mutations are more common in smokers (12) (13) (14) (15) (16) . The prognostic significance of KRAS mutations in NSCLC is controversial (17) (18) (19) . Maitra et al. (20) identified KRAS mutations in 2 (17%) of 12 gallbladder EPSCC patients. In our study, 2 of 15 EPSCC patients had KRAS mutations (13%). In their genetic profile study, Wakuda et al. (21) found that 1 (1.6%) of 60 SCLC patients had KRAS mutations; this patient also had adenocarcinoma. In their study on 43 SCLC and 3 EPSCC patients, Yamamoto et al. (22) found that none of the patients had KRAS mutations. In our study, 6 (16.2%) of 37 SCLC patients had KRAS mutations. There were ethnic and geographical differences in the KRAS mutation status of patients with colorectal cancer and NSCLC (19, 23, 24) . Genetic, dietary and environmental factors play a role in the development of KRAS mutations. More than 80% of KRAS mutations are exon 2 mutations in NSCLC and colorectal cancers (19, 23) . In our study, 80% of KRAS mutations in SCLC were in exon 3.
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The main limitation of our study is the small number of patients; however, EPSCC are rare tumors. There is no targeted therapy approved for the treatment of small cell carcinoma to date. Knowing KRAS mutational status in these tumors may provide further treatment options. There is also a need for other studies examining the genetic profile of SCLC and EPSCC.
In conclusion, there may be ethnical and geographical differences in KRAS mutations of SCLC as in NSCLC and colorectal cancers. 
